The Ahr locus encodes for the aryl hydrocarbon receptor (AHR), which plays an important toxicological and developmental role. Sequence variation in this gene was studied in 13 different mouse lines that included eight laboratory strains, two Mus musculus subspecies and three additional Mus species. The data presented represent the largest study of sequence variation across multiple mouse lines in a single gene (% 15.9 kb/mouse line). Among all mice, the average frequency of all polymorphisms in the intronic regions was 20.3 variants/ kb and the average exonic frequency was 14.1 variants/kb. For substitutions alone, the average frequencies in the intronic and exonic regions for all mice were 13.3 and 8.9 substitutions/kb, respectively. Between laboratory strains, the average intronic and exonic frequencies for all polymorphisms dropped to 5.4 and 2.9 variants/kb, respectively. There were 111 non-synonymous polymorphisms that resulted in 42 different amino acid changes, of which only 10 amino acid changes had been previously identi®ed. Based on the nucleotide sequence, the phylogenetic history of the gene showed mice from the Ahr b2 and Ahr d alleles in separate branches while mice from the Ahr b1 and Ahr b3 alleles exhibited a more complex history. Evolutionarily, the AHR protein as a whole appears to be under purifying selective pressure (K a : K s ratio 0.237). Despite signi®cant functional constraint in the basic helix-loop-helix and PAS domains, ligand binding is not constrained to the high-af®nity allele, which supports further the role of the AHR in development and its importance beyond the adaptive response to environmental toxicants. 
Introduction
The Ahr locus encodes a ligand-activated transcription factor, the aryl hydrocarbon receptor (AHR), which plays an important role in both the toxic response to environmental pollutants and developmental signaling. In the toxic response, environmental contaminants such as planar aromatic hydrocarbons (PAHs), chlorinated dioxins and other halogenated aromatic hydrocarbons activate the AHR and can eventually lead to cancer, thymic involution, wasting, chloracne, ovarian failure and birth defects [1±4] . The role of the AHR in developmental signaling is less well characterized and the endogenous ligand for the receptor remains unknown. However, target disruption of the AHR in mice led to liver and immune system effects [5, 6] and additional studies have pointed to a role in embryonic development [7] and vascular remodeling [8] .
The AHR is a basic helix-loop-helix (bHLH) protein and a member of the PAS superfamily. The term PAS is derived from the founding members of this family: Per, Arnt and Sim [9±11] . Each member of this family possesses a 250±300 amino acid homologous domain that acts as a dimerization surface for homotypic interactions with other PAS proteins and heterotypic interactions with cellular chaperones. For the AHR, the PAS domain also functions as a binding surface for the aromatic ligands [12] . The bHLH domain acts as an additional dimerization surface in homotypic interactions with other PAS proteins and positions the basic region to allow contact with DNA. In general, the PAS superfamily of proteins can be viewed as environmental sensors due to their roles in circadian rhythms, hypoxia signaling and responses to environmental contaminants [13] .
Early genetic analysis revealed that inbred strains of mice had a polymorphic response to administration of PAHs based on variability in their induction of monooxygenase activity [14] . Based on the mono-oxygenase response and other biochemical characteristics, the Ahr gene was classi®ed into four phenotypic alleles (Ahr d , Ahr b1 , Ahr b2 and Ahr b3 ) [15] ( Table 1 ). The relative lack of mono-oxygenase response in the Ahr d allele is due to an A375V substitution in the ligand-binding domain, resulting in a decrease in binding af®nity [16] .
Linkage studies using these mouse lines mapped the response to a single autosomal locus, Ahr, at mouse chromosome 12 [17] . The gene encoding the AHR has been cloned and characterized in a number of species including mouse, rat and humans [12,18±20] . In mice, the structural gene spans more than 30 kb of genomic sequence [17] . The gene is composed of 11 exons and codes for an mRNA transcript of more than 5 kb in length with an open reading frame of approximately 2.5 kb [17] . The genomic structure of the Ahr gene with respect to the mRNA transcript and various domains are depicted in Fig. 1 .
Inbred strains of mice have become a signi®cant genetic resource within the scienti®c community due to the isogenicity within strains and the heterogeneity between strains. This allows the mapping of loci controlling quantitative and qualitative traits, through the crossing of phenotypically different inbred strains and the eventual identi®cation of the responsible gene(s). Since an understanding of the genealogy is important in the genetic analysis, there has been signi®cant effort to understand the phylogenetic histories of these strains [21] and to verify the presumed histories using a variety of genetic techniques [22±24]. However, a comprehensive database of genetic variation within inbred mice is incomplete with information on genetic variation available for less than 10% of inbred strains [21] . For single nucleotide polymorphisms (SNPs) in particular, the largest mouse study to date was carried out by Lindblad-Toh and colleagues, who characterized the polymorphism rates in eight mouse strains [25] . They identi®ed 2848 SNPs in 1755 sequence-tagged sites (STSs) using oligonucleotide arrays and mapped a subset to chromosomal locations for use in genetic linkage studies. Structural organization of the mouse Ahr, depicting exon/intron boundaries and domains relative to both the genomic sequence and mRNA transcript. For the genomic sequence, solid boxes represent protein-coding regions and open boxes represent the 59 and 39 untranslated regions. Numbers within the mRNA identify the exons, while introns are identi®ed using letters below the genomic sequence. Above the mRNA, the important domains and the associated exons are highlighted.
Although recent large-scale efforts to ®nd DNA sequence variants in both human and mouse have identi®ed a number of useful polymorphisms for mapping studies, the vast majority are not known to be functionally important. A more directed approach has been to discover sequence variants within one gene or sets of genes by high throughput sequencing of multiple individuals [26, 27] . Similar to the directed sequencing approach in humans to identify and catalog the population variability within a disease-related gene, we have identi®ed allelic differences in a toxicologically and developmentally important gene, Ahr, across multiple mouse lines. The eight strains, two subspecies and three additional Mus species selected for this study cover all of the previously de®ned phenotypic alleles for Ahr as well as spanning diverse evolutionary distances. The objectives of this approach were four-fold: 1) to identify the polymorphic differences in the mouse Ahr; 2) to compare the phylogenetic relationship of this gene with known mouse pedigrees; 3) to compare polymorphism rates within this gene to rates observed in whole genome scans; and 4) to evaluate the evolutionary pressures associated with the AHR.
Materials and methods
Polymerase chain reaction and DNA sequencing
The Ahr nucleotide sequence for the reference Mus musculus strain, 129/SvJ, was obtained from GenBank (AF325111) and used for polymerase chain reaction (PCR) primer design. Primers were designed using Primer3 (http://www-genome.wi.mit.edu/genome_soft ware/other/primer3.html) to amplify a tiling set of overlapping 600 bp regions across all exons, a portion of the 59 and 39¯anking regions, and a portion of the intronic sequence. Custom universal primers were added to the PCR primers to facilitate sequencing.
The PCR primers were used to amplify DNA from genomic templates from 12 mouse lines: A/J, BALB/ cBy, C3H/HeJ, C57BL/6J, CAST/Ei (Mus musculus castaneus), CBA/J, DBA/2J, MOLF/Ei (Mus musculus molossinus), CAROLI/Ei (Mus musculus caroli), PAN-CEVO/Ei (Mus musculus hortulanus), SJL/J and SPRE-TUS/Ei (Mus musculus spretus). The mouse genomic DNA was purchased from Jackson Labs (Bar Harbor, ME, USA). The PCR products were sequenced on a MegaBACE 1000 instrument (Molecular Dynamics, Sunnyvale, California, USA) using dye-terminator chemistry.
Polymorphism detection and veri®cation
After sequencing, the nucleotide sequence of each mouse was assembled using the Phred/Phrap/Consed package [28±30] and the assembled sequences were compared against the reference nucleotide sequence of strain 129/SvJ. A list of potential polymorphisms was generated for each mouse using the cross_match program and compiled using a set of custom Perl scripts. The polymorphisms were manually veri®ed by visually checking the assembled electropherograms. Only manually veri®ed polymorphic bases were reported. All polymorphisms found in this study have been uploaded to dbSNP and the Ahr coding sequence for each mouse was deposited in GenBank (AF405560 to AF405571).
A subset of the polymorphisms was veri®ed using a single-base extension assay (SnuPE; Molecular Dynamics). Six polymorphisms in 12 mice were interrogated. Of the 72 genotype assays, 66 were successful. The six failed genotype assays were due to strainspeci®c polymorphisms within the primers. Of the 66 successful assays, 100% of the SNuPE calls agreed with the sequence veri®ed SNPs.
Phylogenic and evolutionary analysis
To estimate the genealogical relationship among mouse lines, the nucleotide sequences of the Ahr proteincoding regions were aligned using the CLUSTAL (software for aligning groups of sequence) method. A neighbor-joining phylogenetic tree was constructed based on the alignment using the program MEGA2 (version 2.0, http://www.megasoftware.net) (in preparation) and the Kimura 2-parameter model. Bootstrap values based on 500 replicates were calculated for each interior branch. The amino acid alignment of the AHR was performed using the CLUSTAL method. Conservative and nonconservative amino acid substitutions were de®ned using the BLOSUM62 matrix [32] . Conservative changes were de®ned as those having a positive or neutral sign in the matrix while non-conservative changes were identi®ed as those having a negative value.
Results
The sequencing of the Table 2 .
All polymorphisms in the Ahr were determined both relative to the reference 129/SvJ strain (Table 2) and by pair-wise comparisons (Table 3 ). In summary, 1426 polymorphic sites and a total of 2213 polymorphisms were identi®ed within the 13 mouse lines. The polymorphisms can be broken down into exonic and intronic regions, with 501 (22.6%) located in exonic regions, 1250 (56.5%) in the intronic region and 462 (20.9%) in the 59 and 39¯anking regions. Of the exonic polymorphisms, there were 207 (41.3%) in the coding region with 111 (53.6%) non-synonymous polymorphisms. The non-synonymous changes produced 34 different amino acid substitutions and eight amino acid insertions. Non-conservative changes accounted for eight of the 34 amino acid substitutions (23.5%). The majority of the substitutions in the coding region occurred at the third codon position (57.6%). A subset of polymorphic sites having sequence coverage in all mice is summarized in Fig. 2 with different types represented by different color codes.
A breakdown of the observed DNA sequence variants showed that 934 (42.2%) were transitions, 518 (23.4%) were transversions, 501 (22.6%) were insertions and 260 (11.7%) were deletions. The global analysis yielded a transition to transversion ratio of 1.8 : 1 and an insertion to deletion ratio of 1.9 : 1.
A comparison of the polymorphism frequencies in the various mouse lines studied shows that SPRETUS/Ei, CAROLI/Ei, PANCEVO/Ei and MOLF/Ei are all highly polymorphic across the entire gene, with more subtle differences between the standard laboratory strains (Tables 2 and 3 ). Within laboratory strains studied, C57BL/6J was the most distinctive. Transitions, transversions, insertions and deletions are broken down for all mouse lines relative to the reference 129/SvJ strain in Table 2 . Although the absolute ratio of transitions to transversions was highly variable across the mouse lines, transitions were consistently higher in each mouse studied. In contrast, exonic deletions outnumbered insertions in only eight of the 12 mouse lines. Notably, the remaining four mouse lines that had a greater number of insertions than deletions included a Mus musculus subspecies and three distinct Mus species.
Examination of the exonic portions of the Ahr and the associated domains show highly disparate polymorphism frequencies across mouse lines ( Table 4 ). The coding portion of exon 1, which includes the methionine codon for translation initiation and the basic region of the bHLH domain ( The PAS domain of the Ahr is contained within exons 3±9 with the ligand-binding region encoded by exons 7 and 8 ( Fig. 1 ). For seven of the 12 mouse lines, there were no polymorphisms in exons 3±8 (Table 4 ). In the remaining mouse lines, a number of polymorphisms were observed. Exon 3 contained a single transition in SPRETUS/Ei and CAROLI/Ei, but these polymorphisms were between the boundaries of the bHLH and PAS domains and not in the PAS region itself. Exon 4 contained a single transition in MOLF/Ei, and exon 5 contained a 12-base insertion in SPRETUS/Ei, CARO-LI/Ei and PANCEVO/Ei. In addition, CAROLI/Ei contained ®ve transitions within exon 5, and SPRE-TUS/Ei and PANCEVO/Ei each contained one transition and one transversion. Exon 6 contained four transitions in CAROLI/Ei plus one transition and one transversion in SPRETUS/Ei. In the ligand-binding region of the PAS domain, exon 7 contained four transitions in CAROLI/Ei, two transitions in PANCE-VO/Ei and one transition in SPRETUS/Ei, MOLF/Ei and C57BL/6J. Exon 8 had two transitions in PANCE-VO/Ei, SPRETUS/Ei, CAROLI/Ei and C57BL/6J and only one transition in MOLF/Ei. After the ligandbinding region within the PAS domain, exon 9 was more polymorphic across the various mouse lines. The laboratory mice A/J, BALB/cBy and CBA/J all had two Table 2 Total sequence coverage and polymorphism breakdown relative to the reference 129/SvJ strain Sequence variation of the mouse Ahr gene Thomas et al. 155 Table 3 Polymorphism frequency in exonic (A) and intronic (B) sequence between two mouse lines Using the nucleotide sequence from the open-reading frame of the Ahr, a neighbor-joining tree was constructed to characterize the phylogenetic relationship within the mouse lines (Fig. 3) . Mouse lines possessing the Ahr b2 allele were clustered near the top of the tree and were most closely related to lines having the Ahr d allele ( Fig. 3; Table 1 ). Interestingly, the MOLF/Ei subspecies having the Ahr b3 allele was more closely related to the Ahr d allele than the laboratory mouse C57BL/6J that has the Ahr b1 allele. Two distinct Mus species with the Ahr b3 allele, PANCEVO/Ei and SPRETUS/Ei, also clustered together while CAROLI/ Ei was the most divergent of the mouse lines studied.
Alterations in the AHR protein resulting from the nonsynonymous polymorphisms are represented by an amino-acid alignment in Fig. 4 . Notably, no amino-acid changes were found in the bHLH region in any of the mouse lines studied. Between the bHLH and PAS domains, a single D109N substitution was observed in SPRETUS/Ei with 129/SvJ de®ned as the reference strain. In the PAS domain, a total of ®ve amino-acid substitutions and one insertion were observed. The Arepeat region of the PAS domain had an additional four amino acids in PANCEVO/Ei, SPRETUS/Ei and CAR-OLI/Ei. Between the A-and B-repeats, a single A193T substitution was found in CAROLI/Ei. Within the Brepeat region, an I292S substitution was found in CAROLI/Ei and a M324I substitution was observed in C57BL/6J. In the C-terminal portion of the PAS domain, the mouse lines composing the Ahr b2 allelic class shared a common L348F substitution while all Ahr b alleles shared a common V375A substitution.
Outside the PAS domain in the C-terminal end of the protein, a total of 28 amino-acid substitutions, two insertions, a nonsense mutation causing a premature Table 4 Polymorphism frequency by exon relative to the reference 129/SvJ strain (variants/kb). Neighbor-joining phylogenetic tree of the 13 mouse lines used in this study based on the nucleotide sequence within the open reading frame of the Ahr. Bootstrap values based on 500 replicates are given for each interior branch. Amino acid alignment of the aryl hydrocarbon receptor in the 13 mouse lines using the CLUSTAL method. The sequence identity is shown on the left side of the alignment and amino acids differing from the consensus are highlighted with a box. The relative positions of the various domains within the AHR are highlighted using colored boxes as follows: red, basic region; blue, helix-loop-helix; green, PAS domain; black, A-repeat; brown, B-repeat; violet, transactivation domain. Non-conservative substitutions are highlighted in yellow.
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stop and a polymorphism eliminating the stop codon were found in the various mouse lines (Fig. 4) . Of the C-terminal changes, only two of the substitutions were shared among all members of the de®ned phenotypic allele classes. Among the mouse lines comprising the Ahr b2 allelic class, an A758T substitution was found while a conservative I808V substitution was found in all mouse lines with the Ahr b3 allele. Within the transactivation domain [33] , there were eight substitutions and two insertions.
To evaluate the evolutionary pressure on the AHR as a whole and its individual domains, the ratios of nonsynonymous (K a ) to synonymous (K s ) substitutions were calculated using the coding sequences from a Mus musculus strain (129/SvJ), the two Mus musculus subspecies and three Mus species sequenced in this study, as well as Rattus norvegicus and Homo sapiens. The AHR as a whole possessed a K a : K s ratio of 0.237 with the bHLH domain having the lowest K a : K s ratio (0.022) followed by the PAS domain (0.064 and 0.075 for the N-terminal and C-terminal halves, respectively) and the transactivation domain (0.201). For comparison, the C-terminal end of the protein had a K a : K s ratio of 0.608.
Discussion
In this report, we have produced a comprehensive description of the sequence variation in a single gene, Ahr, across 13 different mouse lines that include inbred laboratory strains, Mus musculus subspecies and separate Mus species. To our knowledge, the DNA sequence data presented represent the largest study of sequence variation across multiple mouse lines in a single gene (% 15.9 kb/mouse line). As a result, the sequence information will be useful in establishing polymorphism rates and characteristics within the Mus genus, comparing these rates with those observed in whole genome scans, and understanding the evolutionary pressures that underlie the biological and toxicological role of this particular gene.
For a number of the polymorphism statistics, our results agree with previous studies in both mice and humans. The transition to transversion ratio in our study (1.8 : 1) is consistent with that reported in a previous study of mouse polymorphisms (2 : 1) [25] and the number of coding polymorphisms found at the third codon position (57.6%) is in close agreement with that observed by Garg and colleagues for human expressed sequence tags (ESTs) (59%) [34] . In addition, the relative number of non-synonymous polymorphisms (53.6%) was also similar to that observed in human ESTs (43%) [34] .
Despite the similarities between our data and previous studies, there were two important differences. First, the proportional distribution of the various types of DNA sequence variants observed in our study differed from previous ®ndings. Our study found that 42.4% of the sequence variants were transitions, 23.4% were transversions, 22.6% were insertions and 11.7% were deletions. In the human lipoprotein lipase gene, the numbers of transitions was similar (59%), but the number of transversions (41%) and insertions/deletions (10%) were signi®cantly different [26] . An explanation for these differences is not immediately apparent, but it is dif®cult to compare across species and different loci are also known to have considerable variation in the relative proportion of substitutions, insertions and deletions [35] .
An additional difference in our study was the relatively high polymorphism frequency. Among all mouse lines, the average frequency of all polymorphisms in the intronic regions is 20.3 variants/kb and the average exonic frequency is 14.1 variants/kb (Table 3) . For substitutions alone, the average frequencies in the intronic and exonic regions were 13.3 and 8.9 substitutions/kb, respectively. These estimates are highly skewed, since the subspecies in the study contribute disproportionately due to the high frequencies of polymorphisms. Between laboratory strains, the average intronic and exonic frequencies for all polymorphisms were 5.4 and 2.8 variants/kb, respectively. For substitutions alone, the average frequencies in the intronic and exonic regions were 3.5 and 1.8 substitutions/kb, respectively. By comparison, the average intronic and exonic frequencies for all polymorphisms between the various Mus musculus subspecies and separate Mus species were 40.7 and 29.9 variants/kb, respectively. As expected, the polymorphism frequencies in the exonic regions are consistently less than the intronic regions. However, the substitution frequencies we measured within laboratory mice are two to four times higher in this gene than those measured by Lindblad-Toh and colleagues for both STSs (0.95 substitutions/kb) and ESTs (0.81 substitutions/kb) [25] . One possibility is that the Ahr gene has a higher than average mutation frequency (i.e. hypermutable) due to some inherent property of the gene. An alternative and more likely possibility is that the differences in rates may re¯ect the genetic history of the Ahr gene during the selection and breeding of the various mouse lines. Coalescent times for various alleles can vary across the genome. Genes with a more distant common ancestor have had more time to accumulate polymorphisms, suggesting that one or more of the laboratory strains in our study has remained relatively diverged during its selection and breeding from the original mouse stocks in Asia and Europe [21] . In support of this argument, the differences within the laboratory mice are primarily driven by the high polymorphism frequencies between the various laboratory strains and C57BL/6J. Without C57BL/6J, the substitution frequencies within laboratory strains fall to 1.6 and 1.0 substitutions/kb for intronic and exonic regions, respectively; these are more in line with the whole-genome estimates. In addition, the substitution frequency between CAROLI/ Ei and SPRETUS/Ei is very similar to that reported previously (46.6 vs 50 substitutions/kb) [25] . If the Ahr had a higher than average mutation rate, the polymorphic frequency between CAROLI/Ei and SPRE-TUS/Ei would also be higher.
Based on the nucleotide sequence of the Ahr coding region, we were able to reconstruct the phylogenetic history of the gene within the various mouse lines (Fig.  3) . BALB/cBy, CBA/J, A/J and C3H/HeJ are clustered together on a single branch and their position re¯ects the known phylogenetic history from whole-genome scans [24, 25] . Conversely, the mouse lines contained in the Ahr d allele cluster are relatively different from the genome-based phylogenetic histories. The CAST/Ei subspecies should be considerably diverged from all the laboratory strains and, among laboratory mice, 129/ SvJ should be the most divergent with C57BL/6J and DBA/2J following in succession [21, 24, 25] . However, for the Ahr, 129/SvJ, DBA/2J, SJL/J and CAST/Ei all share a common phylogenetic history while C57BL/6J is highly diverged from the mouse lines in both the Ahr d and Ahr b2 alleles. Interestingly, the MOLF/Ei subspecies is more closely related to the laboratory mice and CAST/Ei at the Ahr than C57BL/6J. Finally, PANCEVO/Ei and SPRETUS/Ei show a common ancestral gene following the split from the laboratory mouse strains and the CAST/Ei and MOLF/Ei subspecies, while CAROLI/Ei is the most divergent.
Of the 42 amino acid changes found in the AHR, only 10 have been reported previously [16] . These changes de®ne the potential functional differences between the various alleles and can be used to better understand the role of the AHR in development and toxicity. For the bHLH domain, which acts as the region of contact between the AHR and its response element as well as a homotypic dimerization surface, no amino acid changes were found (Fig. 4) . In contrast, ®ve amino acid substitutions and a four-amino-acid insertion were found in the PAS domain, which acts as a dimerization surface for homotypic interactions with other PAS proteins, heterotypic interactions with cellular chaperones and a binding surface for the halogenated aromatic ligands. Nevertheless, the amino acid changes were not spread uniformly throughout the PAS domain. The N-terminal portion of the PAS domain was relatively well conserved with the only major change being an additional four amino acids present in PANCEVO/Ei, SPRETUS/ Ei and CAROLI/Ei, in the latter part of the A-repeat. Interestingly, the additional amino acids have signi®-cant structural consequences as predicted by protein secondary structure models [36] . Without the additional residues, the region is in the middle of a coil-turn-coil that is¯anked on the N-terminus by an á helix and on the C-terminus by a â sheet. The additional residues disrupt the structure by eliminating the second coil and extending the predicted turn. Given the location of important residues for DNA binding in the central portion of the PAS domain [37] , signi®cant conformational changes upstream, such as the elimination of a coil, may have functional consequences. The C-terminal end had multiple changes, including the V375A substitution that has been shown to be responsible for the change in ligand binding [16] . Finally, the transactivation domain had eight amino acid substitutions and a pair of two amino acid insertions. Additional studies will be required to identify the functional consequences of these amino acid changes.
At the molecular level, the evolutionary pressure on a gene is re¯ected in its degree of tolerance towards nucleotide substitution. In protein-coding genes, the evolutionary pressure is usually identi®ed by the ratio of non-synonymous (K a ) to synonymous (K s ) substitutions [38] . Low K a : K s ratios (, 1) re¯ect purifying selection during periods of divergent evolution where the physiological role of the protein or domain is relatively constant. High K a : K s ratios (. 1) suggest an adaptive evolutionary pressure where speci®c changes in the amino acid sequence are favored due to the development of a different biological function. To determine the type and strength of evolutionary pressure on the AHR, the K a : K s ratios were calculated for the open reading frame as a whole and for the various domains within the protein. The sequences chosen for this study spanned relatively short evolutionary distances with the Mus musculus strain (129/SvJ) and the two Mus musculus subspecies sequenced in this study, as well as more distant relatives using three additional Mus species, Rattus norvegicus and Homo sapiens. The time of divergence between humans and mice has been estimated at approximately 96 million years, while the rat and mouse divergence ranges from 23 to 33 million years [39, 40] . Based on this approach, the K a : K s ratio for the Ahr open reading frame as a whole suggests that it is undergoing purifying selection and the function of the protein is highly constrained. Notably, ligand binding within the mice is not constrained to the highaf®nity allele, further supporting the role of the AHR in development and its potential importance beyond the adaptive response to environmental toxicants. Similar conclusions have been reached by studying cDNA sequences of AHR in early vertebrates [41] . Broken down by domain, the bHLH domain is the most constrained followed by the PAS domain and the transactivation domain. Interestingly, both halves of the PAS domain are equally constrained. Given the importance of the C-terminal half of the PAS domain in heterotypic interactions and ligand binding, one might suspect that this section may be more functionally constrained. However, no selective bias was identi®ed for either half, supporting the importance of the PAS domain as a whole for de®ning the homotypic interactions with other PAS proteins. In contrast, the transactivation domain is less constrained.
The sequence information in this study has provided both a comprehensive description of the sequence variation in the mouse Ahr gene and a baseline for comparing the sequence variation in other mouse genes. For the AHR, the sequence diversity information provides a better understanding of the evolutionary pressures that underlie its biological and toxicological role and allows for additional studies of these polymorphisms to identify their functional signi®cance. For the mouse genome as a whole, the information highlights the differences between rates measured using whole-genome scans and the rates within individual genes, and adds to the limited knowledge of the sequence variation within this model genetic organism. 
